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SECTION  I 


INTRODUCTION 


A.  OBJECTIVE 

This  study  was  designed  to  evaluate  the  potential  effects  of  the  space 
shuttle  exhaust  on  ground-based  electronics,  specifically  the  effects  of  HCl 
infiltration  (possibly  in  combination  with  other  pollutants)  on  short-  and 
long-term  electronics  reliability. 


B.  BACKGROUND 

Studies  at  Battel le  and  elsewhere  have  established  that  modern 
electronic  components  are  highly  susceptible  to  degradation  by  subtle 
corrosion  reactions  produced  by  ambient  environments.  Tolerable  levels  of 
critical  pollutants  are  often  in  the  range  of  no  more  than  1  to  3  parts  per 
billion  (ppb).  However,  these  limits  are  sharply  affected  by  the  synergistic 
effects  of  other  pollutants  and  humidity.  For  example,  at  high  humidity  (60 
to  70  percent  RH)  and/or  with  considerable  humidity  cycling,  the  threshold 
levels  for  corrosion  may  be  reduced  by  an  order  of  magnitude  or  more. 

The  critical  pollutants  for  electronics  corrosion  have  been  identified 
as:  (1)  reactive  chlorides,  and  (2)  reactive  or  reduced  sulfides.  Of  these, 
the  reactive  chlorides  may  produce  the  most  damaging  corrosion  reactions  and 
at  very  low  levels  of  gaseous  concentration.  In  consideration  of  these 
facts,  concern  was  expressed  about  the  potential  effects  of  HCl  infiltration 
into  ground-based  electronics  from  the  shuttle  exhaust. 

The  objective  of  this  report  is  to  present  the  results  and  conclusion 
from  baseline  studies  at  SLC-6.  These  studies  were  initiated  in  July,  1985. 
The  final  samples  were  removed  in  January,  1986.  The  work  was  designed  to 
study  a  variety  of  indoor  electronics  operating  environments  at  SLC-6. 


C.  SCOPE 

The  problem  presented  in  this  work  was  to  describe  the  operating 
environments  in  quantitative  yet  meaningful  terms.  Earlier  work  clearly 
demonstrated  the  synergistic  effects  of  a  multitude  of  environmental 
variables  affecting  corrosion.  These  include  the  most  important  items  of: 
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1.  Relative  humidity 

2.  Gaseous  pollutant  concentrations 

3.  Humidity  Cycling 

4.  Temperature 

5.  Air  exchange  rate 

The  relationship  among  these  variables  is  so  complex  that  measurements  of  any 
one  or  even  all  of  these  variables  usually  cannot  be  used  to  predict 
corrosion  effects. 

For  this  reason,  an  alternative  form  of  monitoring  has  been  extensively 
applied  at  Battelle  to  this  type  of  problem.  This  has  been  termed  reactivity 
monitoring.  In  principle,  It  Involves  the  use  of  specially-prepared  metallic 
sensors  to  detect,  on  an  Integrated  basis,  all  factors  In  an  operating 
environment  which  can  produce  corrosion.  In  effect,  such  Integrated  sensors 
are  classical  corrosion  coupons. 

Data  from  such  sensors  taken  alone  are  relatively  meaningless.  However, 
extensive  studies  have  been  conducted  at  Battelle  In  a  variety  of  operating 
environments  to  relate  such  data  to  probable  effects  on  electronics 
reliability.  Therefore,  the  same  techniques  were  applied  In  this  program  and 
conclusions  were  reached  by  comparison  to  the  Battelle  data  bases. 

The  primary  sensor  surface  used  In  this  work  was  copper.  It  has  been 
demonstrated  that  this  material  can  effectively  be  used  to  classify  operating 
environments  In  terms  of  both  absolute  severity  levels  and  chemistry. 

Details  concerning  these  procedures  have  already  been  published  (References  1 
and  2).  However,  for  the  purposes  of  this  study,  the  following 
characteristics  for  a  truly  benign  (Class  I)  environment  are  as  follows: 

1.  A  film  thickness  less  than  300  Angstroms  after  1  to  3 
months  exposure. 

2.  A  film  chemistry  consisting  of  only  CU2O. 

In  environments  of  this  type  there  Is  no  precedent  for  expecting 
environmentally-related  effects  on  reliability. 

A  second  sensor  material,  silver,  was  also  Included  In  this  work. 

Silver  has  proved  useful  as  a  very  sensitive  reactive  chloride  detector.  The 
significance  of  data  from  this  material  Is  as  follows.  If  no  chlorides  are 
detected  In  the  operating  environment  it  may  generally  Indicate  that  higher, 
absolute  reactivity  levels  (from  copper)  may  be  tolerated  before  equipment 
problems  are  encountered.  Conversely,  the  detection  of  chloride  may  not 
guarantee  that  problems  will  occur,  but  It  does  serve  as  a  warning  of 
potential  corrosion  problems  If  humidity  is  not  carefully  controlled. 

These  techniques  were  applied  throughout  this  program  and  at  all  sites. 
Data  should,  therefore,  be  analyzed  relative  to  the  criterion  just  given. 
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SECTION  II 


EXPERIMENTAL  PROGRAM 

The  original  intent  of  this  program  was  to  conduct  the  studies  in  three 
phases,  as  follows: 

•  Phase  I  -  Background:  This  work  would  begin  shortly  after  contract 
award  and  extend  until  approximately  2  weeks  before  first  launch. 

•  Phase  II  -  Launch/Post-Launch:  This  would  start  at  the  conclusion 
of  Phase  I  and  extend  for  a  period  of  approximately  3  months. 

•  Phase  III  -  Parallel  Monitoring:  This  would  start  at  the 
conclusion  of  Phase  I  and  extend  for  a  period  of  up  to  6  months. 
Only  the  Phase  I  studies  were  conducted,  beginning  in  July,  1985. 

A.  TEST  SITES 

The  original  program  plan  was  to  survey  multiple  sites  throughout  SLC-6. 
For  this  report,  a  site  will  be  considered  as  a  physical  location  of  sample 
placement.  For  example,  two  sites  might  represent  two  sample  sets  at 
different  locations  within  a  given  room  or  a  single  set  in  each  of  two  rooms. 

A  total  of  19  sites  were  monitored  at  SLC-6.  Fifteen  installations 
were  made  on  July  17,  1985.  Four  additional  installations  were  made  on 
October  17,  1985.  Finally,  four  of  the  original  locations  were  resurveyed, 
beginning  on  January  17,  1986,  to  check  for  seasonal  and/or  time  effects. 

During  the  program  interest  also  developed  for  similar  monitoring  at  two 
other  locations.  The  first  was  at  the  Sunnyvale  Air  Force  Station, 

Sunnyvale,  California.  Two  locations  were  monitored.  The  reason  for  this 
work  originated  in  a  high  failure  rate  on  some  of  the  electronic  equipment 
one  location.  This  may  have  been  a  corrosion  problem  involving  the 
outgassing  of  chlorinated  products  from  PVC. 

The  final  series  of  tests  was  at  SLC-4  at  Vandenberg  Air  Force  Base. 

This  site  was  of  Interest  since  it  Is  an  active  launch  site  for  the  Titan 
vehicle,  when  using  a  solid  fuel  and  can  produce  emissions  similar  to  those 
from  the  shuttle  solid  fuel  booster.  Therefore,  It  was  of  Interest  to 
determine  whether  background  levels  of  pollutants,  and  particularly 
chlorides,  might  be  significantly  different  than  those  at  SLC-6. 

This  work  at  SLC-4  began  In  March,  1986  and  was  completed  in  May,  1986. 
It  Is  Interesting  to  note  that  these  data  include  the  Titan  launch  and 
explosion  of  the  vehicle  from  this  facility. 


B.  DEFINITIONS 

More  detailed  descriptions  of  the  physical  sites  will  be  associated 
with  the  actual  data.  This  will  Indicate  facility,  room  number,  and  location 
within  rooms.  However,  a  number  of  abbreviations  will  be  used,  as  summarized 
In  Table  1. 


TABLE  1. 

DEFINITION  OF  SITES  AND  TERMS 

LCC 

Launch  Control  Center 

SEB 

Support  Equipment  Building 

LMT 

Launch  Mount  Tower 

PCR 

Payload  Changeout  Room 

PPR 

Payload  Preparation  Room 

RAP 

Return  Air  Plenum 

SUB 

Electrical  Substation 

SlOB 

Electrical  Substation  lOB 

HIMS 

Hardware  Interface  Module 

1 

Indicates  Inside  of  Cabinet 

t 

Indicates  on  Top  of  Cabinet 

C.  EXPERIMENTAL  PROCEDURES 

Although  primary  emphasis  was  placed  on  coupon/reactivity  monitoring, 
measurements  were  made  at  some  locations  of  Individual  environmental 
variables.  These  Included  temperature,  humidity,  and  low-level  air 
pollutants. 

1.  Reactivity  Monitoring 

The  samples  used  for  reactivity  monitoring  -  silver  and  copper  - 
were  prepared  at  Battel le  In  the  form  of  solid  metal  coupons.  These  had 
dimensions  of  0.025  by  0.50  by  3.0  Inches.  Each  coupon  had  a  l/8-1nch 
diameter  hole  at  either  end.  These  were  used  to  mount  the  coupons  rigidly 
onto  plastic  cards  using  nylon  screws,  nuts,  and  standoffs.  The  standoffs 
provided  a  vertical  elevation  above  the  cards  of  about  0.4  inches  to  allow 
air  circulation.  One  set  of  two  samples  was  mounted  on  a  plastic  card,  which 
in  turn  had  dimensions  of  4  Inches  by  5  Inches. 

The  coupons  were  cleaned  and  prepared  to  a  standard  surface  finish, 
using  a  modified  metal lographic  abrasion  procedure.  Details  of  this 
procedure  can  be  found  In  Reference  2. 

Individual  sample  cards  were  wrapped  In  plastic  film  and  enclosed 
In  Ziploc  polyethylene  bags  for  transport.  The  samples  were  removed  from 
this  protection  only  at  the  point  of  Installation.  This  process  was  reversed 
when  the  sample  cards  were  removed  from  exposure. 
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Two  cards  were  Installed  at  each  location,  obtain  two  exposure 
periods,  tentatively  set  at  3  and  6  months,  respectively. 

The  test  cards  were  held  In  a  vertical  orientation  In  a  small, 
plastic  card  guide,  also  provided  by  Battelle.  This  free-standing  package 
allowed  free  and  realistic  air  circulation  around  the  samples.  This  package 
was  placed  either  in  rooms  or  inside  cabinets. 

As  samples  were  removed  from  exposure  and  returned  to  Battelle, 
analyses  were  conducted  to  determine  amounts  of  surface  film  and  film 
chemistries.  The  analytical  technique  was  an  electrochemical  procedure  known 
as  cathodic  reduction.  Details  of  this  procedure  may  also  be  found  in 
Reference  2. 

For  purposes  of  comparison,  data  were  extrapolated  to  a  standard 
exposure  period  of  1  year.  The  basis  for  extrapolation  was  as  follows.  If 
the  analyzed  film  thickness  was  <  300  angstroms,  and  if  the  film  was 
exclusively  CU2O,  no  extrapolation  was  required.  Experience  had  shown  that 
such  conditions  were  characteristic  of  a  limiting  film  thickness,  i.e.,  no 
further  growth  would  occur.  If,  however,  the  film  thickness  on  copper 
exceeded  300  angstroms  at  any  point  beyond  3  months,  the  data  were 
extrapolated  on  the  basis  of  parabolic  kinetics,  i.e.,  film  thickness  would 
increase  proportional  to  the  square  root  of  time. 

Data  for  silver  were  also  extrapolated  although,  as  indicated 
earlier,  the  real  significance  of  the  silver  data  related  to  the  presence  or 
absence  of  chlorides.  Earlier  work  had  shown  that  silver  is  unique  in  that 
it  will  form  surface  films  (sulfides  and  chlorides)  according  to  linear 
kinetics.  This  was  the  basis  for  the  data  extrapolation. 

2.  Air  Pollution  Analysis 

Four  items  were  studied  in  the  pollution  monitoring.  These 
included  three  gas  species  and  particulates.  The  gas  species  included:  (1) 
reactive  sulfides  (primarily  H2S),  (2)  reactive  chlorides,  and  (3)  sulfur 
dioxide.  An  integrated  monitoring  technique  similar  to  that  described  by 
Lorenzen  (Reference  3)  was  used  in  this  work.  This  utilized  a  small  plastic 
cartridge  (Millipore)  containing  a  series  of  four  filters.  The  first  was  a 
Nucleopore  3.0-micron  membrane  filter  for  particulate  removal.  The  remaining 
three  filters  selectively  removed:  (1)  reactive  chlorides,  (2)  reactive 
sulfides,  and  (3)  SO2. 

Particulate  filters  were  analyzed  gravimetrical ly  to  determine  mass 
loading.  The  chemical  filters  were  analyzed  at  Battelle  using  X-ray 
fluorescence  techniques.  The  amount  of  material  collected  on  each  filter 
was  determined  and  compared  to  known  standards. 

The  filter  cartridges  were  used  In  conjunction  with  a  small  pumping 
system  provided  by  Battelle.  This  system  maintained  a  constant  air  flow  rate 
through  the  cartridge  of  1  liter  per  minute  through  a  standard  1/4-inch 
diameter  inlet  orifice.  Therefore,  from  a  knowledge  of  the  sampling  time, 
the  total  air  volume  drawn  through  the  cartridge  was  known.  This  was  used  to 
calculate  average  concentrations  in  the  gas  phase  for  the  four  items 
mentioned  above. 


This  type  of  pollution  monitoring  was  conducted  only  at  selected 
sites.  The  standard  monitoring  period  was  tentatively  planned  as  1  week. 
However,  in  some  locations  this  was  extended  considerably.  This  was  due  to 
the  low  levels  of  pollutants  found  from  initia'  monitoring  resulting  in  a 
need  for  a  longer  sampling  period. 

3.  Temperature-Humidity  Monitoring 

A  small  data  acquisition  system  was  provided  by  Battel le  to  obtain 
temperature-humidity  data  at  selected  sites.  The  data  acquisition  system 
used  was  a  grant  SQ2  meter/logger.  The  sensors  used  included  a  thermistor 
temperature  probe  and  a  humidity  probe  (Vaisala,  Model  HMP  230).  These  were 
calibrated  at  Battelle.  Accuracy  was  estimated  at  *0.2®C  and  *0.5  percent 
RH. 


These  units  were  programmed  to  take  readings  at  1-hour  intervals 
and  store  the  results  in  memory.  Sufficient  memory  was  available  to  obtain 
about  2  months  worth  of  data.  The  typical  operating  sequence  was  to  commit 
the  system  to  monitoring  for  1  month  at  the  first  location,  then  move  the 
system  to  a  second  location  for  an  additional  month.  At  this  point,  the 
system  was  returned  to  Battelle  for  data  readout,  analysis,  and 
recalibration. 
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SECTION  III 


EXPERIMENTAL  RESULTS 


A.  REACTIVITY  MONITORING  -  SLC-6 

The  results  for  baseline  monitoring  at  SLC-6  are  summarized  in  Tables  2 
and  3.  On  the  basis  of  copper  reactivity  data,  and  in  consideration  of  the 
criterion  given  earlier,  all  of  the  indoor  locations  showed  exceptionally  low 
reactivity  levels.  All  of  the  environments  studied  qualified  as  Class  I 
conditions.  This  means  that,  for  the  operating  conditions  being  experienced 
at  SLC-6,  total  environmental  control  was  excellent  and  no  basis  could  be 
expected  for  equipment  degradation  under  those  conditions.  These  results  may 
have  broad  implications  for  other  locations,  since  experience  has  shown  that 
it  is  somewhat  unusual  to  find  a  large  facility  such  as  this  to  have  all 
locations  qualifying  as  benign. 

These  results  apply  strictly  to  the  Indoor  or  in-equipment 
environments,  which  are  totally  different  than  the  outdoor  environments.  In 
fact,  the  data  were  accidentally  obtained  to  demonstrate  that  the  outdoor 
environments  at  Vandenberg,  or  at  least  at  SLC-6  may  be  considered  corrosive 
towards  electronics.  Such  results  were  associated  with  the  sampling  at  SIOB. 
Originally  the  samples  were  placed  in  the  facility  as  they  were  at  Sub  5.  At 
the  3-month  point  for  sample  retrieval  it  was  learned  that  the  samples  had 
been  moved  to  a  location  outside  of  the  substation,  which  effectively 
provided  an  outdoor  exposure.  The  effective  period  of  the  outdoor  exposure 
was  unknown,  but  was  estimated  by  Lockheed  personnel  to  be  no  more  than  abo  ; 
1  month.  Because  the  similarity  of  Sub  5  and  SIOB,  the  indoor  data  would 
probably  be  the  same  at  both  locations;  therefore,  it  is  reasonable  to 
assume  that  the  data  shown  for  SIOB  are  entirely  the  result  of  the  outdoor 
exposure.  These  data  qualify  as  a  relatively  corrosive  environment.  In 
fact,  the  data  for  silver  also  show  a  high  chloride  content,  as  might  be 
expected  for  this  sea  coast  location.  These  results  are  important  since  they 
clearly  demonstrate  the  large  degree  of  natural  environmental  attenuation 
that  can  occur  within  buildings  or  other  structures. 

The  indoor  results  for  silver  at  SLC-6  proved  particularly  interesting 
during  the  latter  stages  of  sampling.  The  initial  results  for  July  through 
October,  1985,  show  little  or  no  indoor  chloride.  Subsequent  samples  at  some 
locations  after  January,  1986,  did  show  detectable  levels  at  values  which 
could  be  potentially  significant.  Indoor  reactive  chlorides  are  generally 
not  associated  with  outdoor  aerosol  sources,  such  as  NaCl.  Instead,  they  are 
usually  internally  generated  from  a  variety  of  organic  and  inorganic  sources. 
This  may  include  such  diverse  sources  such  as  outgassing  products,  floor 
cleaning  solutions,  etc.  Unfortunately,  there  is  not  sufficient  documen¬ 
tation  to  determine  the  most  probable  sources. 
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TABLE  2.  RESULTS  OF  COPPER  REACTIVITY  MONITORING  AT  VANDENBERG  AFB;  SLC-6 
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TABLE  2.  RESULTS  OF  COPPER  REACTIVITY  IlONITORIflG  AT  VAUDENBERG  AFB;  SLC-6 
(CONTINUED) 
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2.  RESULTS  OF  COPPER  REACTIVITY  MONITORING  AT  VANDENBERG  AFB:  SLC-6 
(CONCLUDED) 


TABLE  3.  RESULTS  OF  SILVER  REACTIVITY  MONITORING  AT  VANDENBERG  AFB;  SLC-6 
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TABLE  3.  RESULTS  OF  SILVER  REACTIVITY  MONITO.TING  AT  VAUDENBERG  AFB;  SLC-6 
(CONTINUED) 
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The  latter  data  are  Important  because  they  may  illustrate  important 
changes  that  can  occur  with  the  aging  and/or  operation  of  a  facility.  The 
results  become  particularly  significant  when  combined  with  the  humidity  data 
to  be  discussed  in  the  following  section  on  temperature-humidity  monitoring. 

B.  AIR  POLLUTION  MONITORING 

The  results  for  SLC-6  and  SLC-4  are  summarized  in  Table  4.  The  latter 
results  will  be  discussed  separately. 

The  pollution  monitoring  results  are  quite  consistent  with  the 
reactivity  data.  In  general,  the  background  levels  at  SLC-6  were  found  to  be 
quite  low,  particularly  during  the  early  stages  of  monitoring.  However, 
consistent  with  the  silver  data,  these  values  did  appear  to  increase  with 
time.  This  was  particularly  noticeable  in  the  LCC  for  the  monitoring  period 
towards  the  end  of  1985.  Similar  increases  to  detectable  levels  were  found 
in  the  SEB,  LMT,  and  PCR.  The  most  significant  increases  were  for  reactive 
chlorides  expressed  as  a  chlorine  equivalent.  This  does  not  imply  that  the 
reactive  species  is  chlorine,  either  wholly  or  in  part.  Values  at  LCC  125 
were  considered  to  approach  a  level  of  concern  if  humidity  levels  were  not 
closely  controlled. 


C.  TEMPERATURE-HUMIDITY  MONITORING 

The  statistics  for  those  sites  monitored  at  SLC-6  and  SLC-4  are 
summarized  in  Table  5.  These  results,  however,  may  not  adequately  depict  a 
critical  element  associated  with  humidity.  This  is  the  degree  of  humidity 
cycling/stability.  Empirical  findings  have  indicated  that  humidity  cycling 
may  be  at  least  as  important  as  other  measures  of  humidity,  such  as  average 
or  median.  It  is  well-established  that  as  average  levels  of  humidity 
increase,  corrosion  rates  will  increase  in  an  exponential  manner.  Studies  at 
Battel le  however  have  indicated  that,  as  the  degree  of  humidity  cycling 
increases,  corrosion  rates  will  also  increase  sharply,  as  both  the  time  rate 
of  change  humidity  increases  and  the  frequency  of  occurrence  of  humidity 
cycling  increases. 


TABLE  4.  RESULTS  OF  AIR  POLLUTION  MONITORING  AT  VANDENBERG  AFB 
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TABLE  5.  TEMPERATURE  AND  HUMIDITY  STATISTICS 
FROM  VANDENBERG  AFB 


Temperature,  °C  Relative  Humidity 


Location 

Max 

.  Min. 

T(a) 

Max. 

Min. 

SLC-6 

LCC  118 

23. 

16. 

-  3.8 

66. 

42. 

13. 

LCC  125 

18.8 

17.8 

-  3.6 

75. 

62.5 

21. 

LCC  104 

28. 

25.4 

8.8 

44.5 

36. 

-21.5 

SEB  1st  Floor 

24. 

14.2 

-12. 

79.5 

32.5 

34.5 

MST  Elec.  Rm 

28.6 

14.6 

2.8 

81. 

21. 

20.5 

SLC-4 

Comp.  Rm 

23.2 

18.2 

-  3 

47. 

25. 

8.5 

(a)  Maximum  Rate 

of  Change  °C/Hr 

or  %RH/Hr. 

The  results 

from 

four  locations  at  SLC-6 

are  shown 

in  Figures 

1  through 

5.  These  data  confirm  findings  at  many  other  indoor  locations  within  the 
United  States.  They  indicate  that,  in  general,  temperature  is  well- 
controlled.  However,  in  many  locations  humidity  is  not. 

The  results  from  LCC  125  are  particularly  interesting.  They  show  high, 
but  stable,  humidity  during  the  period  monitored.  This  could  be  attributed 
to  the  mode  of  air-conditioning  operation  which  maintained  this  room 
relatively  cool,  together  with  the  fact  that  there  was  a  small  heat  load. 

This  level  of  humidity,  if  it  were  maintained,  is  believed  to  approach  values 
which  could  significantly  increase  corrosion  rates  for  the  levels  of  indoor 
chlorides  found  in  the  latter  stages  of  monitoring.  It  "s  unfortunate, 
therefore,  that  temperature-humidity  data  were  not  obtained  during  early  1986 
to  coincide  with  the  other  forms  of  monitoring.  The  data  may  therefore  be 
important  to  illustrate  the  subtle  effects  which  operating  conditions  such  as 
those  associated  with  air  conditioning  can  potentially  have  on  equipment 
performance.  Additional  data  can  be  found  in  Figures  5  through  8,  which 
compare  results  at  different  sites. 

D.  MONITORING  AT  SLC-4 

All  of  the  available  data  for  SLC-4  are  summarized  in  Tables  6  and  7  and 
Figure  10.  Additional  samples  and  monitoring  equipment  had  been  placed  at 
this  facility,  but  were  lost  following  the  Titan  mishap.  Reference  should 
also  be  made  to  Tables  4  and  5  for  air  pollution  and  temperature-humidity 
stati sties. 
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iqure  1.  Temperature  and  Relative  Humidity  Versus  Time  for  Room  1?5 
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Figure  2.  Temperature  and  Relative  Humidity  Versus  Time  for  Room  104 
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Figure  3.  Temperature  and  Relative  Humidity  Versus  Time  for  SEB  1st  Floor 
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Fiqure  4.  Temperature  and  Relative  Humidity  Versus  Time  for  LCC  118  and  119 
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TEMPERATURE  VS.  TIME 

SLC-6  7/85-8/86 
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Flqure  6.  Temperature  Versus  Tfme  for  LCC  118,  Room  125  and  Room  104 
At  Shuttle  Launch  Complex  6 
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At  Shuttle  Launch  Complex 


RELATIVE  HUMIDITY  VS.  TIME 

SLC-6  8/85-9/85 
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Figure  8.  Relative  Humidity  Versus  Time  for  SEB  1st  Floor  and 
MST  Electrical  Room  at  Shuttle  Launch  Complex  6 


The  results  at  this  facility  are  quite  different  than  those  at  SLC-6. 
Chlorides  were  detected  indoors  and  at  levels  somewhat  higher  than  those 
found  at  SLC-6.  This  constituent,  together  with  large  humidity  variations  as 
shown  in  Figure  9  for  the  computer  room,  had  two  effects.  One  was  a 
considerable  increase  in  the  corrosion  rate  of  copper.  The  second  was  a 
change  in  the  corrosion  chemistry  on  copper  to  produce  an  additional  reaction 
product  suspected  to  be  a  copper-hydroxy-chloride.  The  computer  room  at  SLC- 
4  was  considered  to  be  a  nonbenign  and  moderately  reactive  environment. 

The  latter  conclusion  was  confirmed  with  one  additional  piece  of  data. 

For  sample  cards  installed  at  SLC-4,  one  additional  material  was  used  as  a 
sensor,  along  with  silver  and  copper.  ThiSgWas  a  coupon  of  solid  copper 
which  was  first  electroplated  with  50  x  10  °  inch  of  nickel  and  then  30  x 
10"°  inches  of  gold.  The  surface  finish  and  plating  conditions  were  such 
that  a  porous  gold  coating  was  produced.  Porosity  levels  were  comparable  to 
those  found  on  some  commercial  finishes.  This  type  of  sensor  has  proved 
useful,  even  for  visual  purposes.  Typically,  it  will  confirm  that  if 
reactivity  levels  fall  outside  of  the  benign  region,  various  degrees  of 
corrosion  can  be  detected  around  pore  sites.  These  reaction  products  are 
typically  chloride  based. 

Pore  corrosion  was  demonstrated  on  even  the  1-month  exposure  samples  at 
SLC-4,  confirming  that  the  environments  in  the  computer  room  were  not 
benign.  Furthermore,  it  demonstrates  that  the  chloride  levels  detected  were 
sufficiently  high  for  the  humidity  conditions  that  exist  to  produce 
corrosion.  Similar  studies  on  gold  were  not  conducted  on  any  of  the  SLC-6 
sites;  however,  it  can  be  concluded  that  such  corrosion  would  not  have  been 
observed,  at  least  for  the  monitoring  period.  Such  corrosion  might  have  been 
approached  at  selected  sites  as  conditions  appeared  to  deteriorate  somewhat 
during  1986. 

E.  SUNNYVALE  MONITORING 

Only  reactivity  monitoring  with  the  standard  materials  was  conducted  at 
three  locations  at  Sunnyvale.  These  monitoring  data  can  be  found  in  Tables 
8  and  9. 

Chlorides  were  detected  at  two  locations,  and  it  may  be  significant  to 
note  that,  equipment  problems  were  reported  in  Room  1301.  No  other 
documentation  is  available  for  this  site;  no  other  monitoring  was  conducted. 
Therefore,  it  is  impossible  to  reach  conclusions  other  than  two  of  these 
locations  do  not  qualify  as  benign  environments.  It  is  likely,  however,  that 
if  humidity  were  not  controlled  at  this  facility,  significant  or  even  higher 
corrosion  rates  could  be  observed. 
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SECTION  IV 


CONCLUSIONS 


These  studies  have  demonstrated  that  the  Indoor  baseline  environments  at 
SLC-6  have  generally  qualified  as  benign  environments.  This  has  apparently 
been  achieved  by  natural  attenuation  processes  and  a  reasonable  degree  of 
humidity  control.  They  have  also  demonstrated  a  degradation  In  environmental 
quality  with  age  and/or  operating  mode  of  the  facility.  Indoor  chloride 
levels  Increased  with  time  and  potential  humidity  problems  were  Identified  in 
several  rooms.  For  the  combination  of  conditions  Identified  at  this  site, 
the  most  cost-efficient  way  of  achieving  equipment  protection  would  be  better 
humidity  control.  This  refers  to  a  lowering  of  median  humidity  levels  below 
50  percent  RH  and  a  decrease  In  the  degree  of  humidity  cycling  to  the 
greatest  degree  possible. 
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